4 3 LR sy ¢ t¥w & wPE I
Vo v b » . - . Y
* ’ L . L] s w2 L) s
s & 0 . . 0
t . s sin ¥
cotAENTY 8

FLIGRT EXPERIENCE OF INERTIA COUPLING
IN ROLLING MANEUVERS
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SIMMARY
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Viclent coupled lutersl-longitudinn, motions huve beon wneowtered
in flight on two airpl:ines during abrupt dleron rolls ot relotively
Ligr speed. During these rmetions, vioicus structur d geciprn code ond
load fuctors were eltner oxcoed2d or approccied. Iv wes temonotrated
on one drplane that the meotions can te pproimated reasonct Ly we 1L Ly
using o flve=desrrec~cf=Crucdom wnelycic.

From flight Lvsﬁp ¥ tne sweptewing airplane ot relotive ly bith

2 al
o
us found that th severity o! tne diverpent tendency
1

wlritaae, L
Increased WLtu roll velocity and wis Zonositlive to roll cirectinn ol
5 lizer input. Calculated resuwlits indivntod tnet cunlolderuoly more

+

al conditions from the loads stuadpolint cun be oxpecioed Ll lower
udes when the roll is initiuted from « puili-up condiitlon.

Perhape one o the tundamental reasons for tnl oceuwrrenes o Lhe
lurge motlions on both alirplunes wus the precence of nsuflicient direca
ticnzl stubillity. Toubling the directionul otability level of the Swept-
wing uirplane resulted in suostuntiaily improved Plight cligacteristices;
but culculations indicated that, if <he tail size Is increcaed beyund o
certnin polnt, considerably higher tall loads wna luresr pead nermod
gece.erations can be obtalned than with o tall afferdins o somewhat lower
level of stability.

At present, snalyticai investirations are undor wiy to onable o
ortter understandiag of tne overuil provlern of coupoed dateradeion citadinu
~otions in rolling rmuaneuvers. It s not yet known whether o pruettoag
design approuch exists tThut would proudee desiraple choreterioote o
large range of riizbt conditions withoot the oooritfice o pertiograne

ar the resort te artificial stabilizotion. Iu Lo oo trwe el codpoanes

cun have & large effect on the predicied londa, over Dor contlear oo .
that have satisfactory handling qualitir.; therefore, tne coanl g oF e

catersl and longitudinai degrees of freeqor shouwld be con idered voe 1o

evaluations of rolling mmequn-:pe:eu wirpiaica,
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There s o deterioration in the static lirecticnual statillivy of
meny contemporary designe at the higher angles of attack and sideslip,
nnd alse with inerease i superconice Mach number, that cai and hove
produced vioicent motions in rflight.

Recently at the NACA High-Specd Flight Station, some ruther violent
coupled 1ateral-torngitudineld notions have beern experienced during abrupt
alleran rollc oon ogseversl alrplance o whie'. o level of directional cta-

i Wi Lhat wouls rrovbuily have been deermed ceeeptable for
Py ie L iy Bociaws uhds f1isqbt expericnce choadd be of cone
alogerna i inboerors o thee souds onfincer, inaonucn ns it obvi-
Geclnorteets oo dotervinstion of desimn loads, it it bedicved timely
Lo v low tod Uy Lk prorier rod indiecate conie of the factors altecting
it verivy, ‘
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Ac/k angle of sweep nicasured at 0.25 chord, deg
Azc angle of sweep measured from C.7T5 chord, deg
'y
o incremental bank angle

DISCUSSION

The basic outlines of the two airplanes discussed in this paper are
shown in figure 1. One airplane had 45° sweepback; the other was essen=
tially unswept. It cau: be seen from the moment-of-iuertia ratios that
these airplanes were rather heavily loaded along the fuselage, and such
inertia characteristics can appreciably lower the roll rate at which
large coupled motions might be encountered as indicated in reference 1.

The results of a time history of an abrupt two~thirds aileron roll
to the left made on the swept-wing airplane from level flight at & Mach
number of 0.70 and altitude of 32,000 feet are presented in figures 2
and 3. Soon ufter tne aileron-control input, there is a steady decrease
in angle of attack and develorment of negative (adverse) sideslip. (See
fig. 2.) Between 3 and 4 seconds, the rates of divergence in angles of
attack and sideslip increased markedly and the maneuver becane uncone
trollable. Recovery was made when the controls were brought close to
their initial settings. During the motion, a left sideslip angle of 20°
was recorded and angles of attack much larger than =16° were attained
followed by 12° at recovery.

In order to determine the mechanism of this type of coupled laterule
longitudinal motion (including the effects of changes in the various
derivatives), a five«degree-of-freedom analysis was made using an analogue
computer. It 1is seen that the basic character of the motion is predicted
fairly well. In order to 1llustrate the powerful effect of the coupling
between the longitudinal and lateral modes of the motion, the sgideslip
estimated by the usual three-degree«of-freedom lateral equations and the
angle of attack estimated by a two-degreeesof«freedom analysis are also
included. Although the initial sideslip motion is seen to be the same
for the two methods, the three-legree-of-freedom method reaches a peak
of only about B = ~°°. The argle-~of-attack comparison is even more
revealing in that the stabilizer input of the pilo% would have resulted
in a large positive angle-of-attack change from a purely longitudinal
analysis as opposed to the negative divergence shown by flight and the
more refined analysis. The complexity of the problem can be further
11lustrated by the fact that calculations indicated that the indirect
sffect Of the stabilizer imput actually sggravatad the sideslip and
mngle=of-attack divergence appreciably.
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m in the fivergent tendenzy at hig: roll ratea. The [ivesaegdrogs
Puiveeton caloculations show good agreement for the tall A date nt g

bank angles and illustirate the large e ft et of the Juratlon of the runsue

wer on the characteristics at higher ~cll welocitles.
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“ ' CCoNFIDENTIAL'  **

_ The “ime hListory of an sbrupt allerovn roll made at a Mach number
of 1.0% on the untwept airplane at an altitude of 30,00C feet i8 shown
in figuwes ¢ arnd 16. The level of directional stability for this maneuver

was Rwbout C“ﬁ = 0.0038 per degree. In this oaneuver, favorable sldee

slip duilde up rapidly with rolling veloclty; however, no large « haase

in a occurs until a sideslip angle of almoct 20° 1c reached (t = b sece
onds) at which time the angle of attack abruptly decreases to -1%,

{See fig. 9.) The pilot applied considersble up-stabilizer confrol to
stor the pitchedown tendency and this possibly contributed somewhat to
the 19 angle of ttuck meached when the airplane pitched up. When the
rolling motion ctopped, the airplane quickly recovered.

The violence of this maneuver can best be appreciated from the fact
thut t~ lcad factor *'cacned -6.73 at t = +.5 seconds and then reached
T.Lg less than 1/ second later. (See fig. 10.) A lateral acceleration

of =2¢. pitching auccelerations as high ac 2 radians/sece, and 2 verticale
121l shear lowd approximutely 5C percert cf design were 21so measured.

Ac in the case of the violeant maneuver experienced with the swept-
oty airvilane, one of the fundamental causes of this caneuver on the
wicwept :;"".i.nr* Is believeld to be a deficiency in directional stability
in corlunction with mass distributed primacily aleng the ?uselage. The
stat ent concerning the lack of directiopal sitab.livy might se con-
traiictory lnasouch as the vulur of (‘.,16 for Lhis eirplane was abcut

three to feur times tne value for the swept-wing alrplane with the small
taii. However, the vales of the derivative ““ﬁ car be nisleading
cocause o1 relatively s::s;ll wing size. Whon the twe alrplares ore CO@ie
prared 0y oacing toe more rational lateral pericd, Ior oexw.nle, e wiswer
Sipylane hae o a llvectd cn_.l stiffness wpproximuling the originusl swepte
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stabilizer input. Calculated results indicated that considerably more
oritical conditions from the loads standpoint can be expected at lower
altitudes wvhen the roll is initiated from a pull-up condition.

Perhaps one of the fundamental reasons for the occurrence of the
large motions on both airplanes was the presence of insufficient direc-
tiomal stabllity. Doubling the directional stability level of the swept=
wing airlane resulted in substeantially improved flight characteristics;
it r . .alations indicated that, if the tail size is increased beyond a
certaan point, consicderably higher tail loads and larger peak normal
accelerations can be obtained than with a tail affording a comewhat lower
lewel of stablility.

© At present, analytical investigations are under way tc enable a
better understanding of the overall problem of coupled lateral-longitudinal
motions in rclling maneuvers. It is not yet known whether a practical
design approach exists that would produce desirable characteristics for
a large range of flight conditlions without the sacrifice of performance
or the resort to artificial stabilization. It is also true that coupling
ear have a large effect on the predicted loads, even for configurations
that have satisfactory handling qualities; therefore, the coupling of the
lateral and longitudinal degrees of freedom should be considered for lowad
evaluations of rolling maneuvers on most high-speed airplanes.
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Figure 1
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